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REPORT BRIEF 
INITIAL EVALUATION TESTS 
OF 

GENERAL ELECTRIC COMPANY 

12.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS 

WITH 

DESIGN VARIABLES 

Ref: (a) NASA Purchase Order S-57075AG 

(b) Initial Evaluation Test Procedure for Nickel -Cadmium Sealed 
Space Cells: NAD 3053-TP324; 10 Apr 1973 

I. TEST ASSIGNMENT BRIEF 

A. The purpose of this evaluation test program is to insure that 
all cells put into the life cycle program are of high quality by the 
screening of cells found to have electrolyte leakage, internal shorts, 
low capacity, or inability of any cell to recover its open-circuit 
voltage above 1.150 volts- during the internal short test. 

B. The fifty-two cells were provided by the National Aeronautics 
and Space Administration, Goddard Space Flight Center (GSFC), to 
NAVWPNSUPPCEN Crane for evaluation of the various cell design variables, 
incorporated in these cells, on a near-earth orbit test regime. The 
cells were manufactured by the General Electric Company, under NASA 
Contracts NAS-5-23783 and S-52734-B, according to NASA Specification $-711 -P-6 
and General Electrics’ Manufacturing Control Document (MCD) 232A2222AA-54. 

The design' variable cells were divided into nine groups (1 through 9) 

of six cells each except for Groups 3' and 9, which only had 5 cells. The 
cells were identified by the manufacturer's catalog numbers 42B012AB29- 
G1 and G2, -except for Group 9, which had catalog number 42B012EB01. These 
cells are rated at 12.0 ampere-hours, contain dual, nickel -braze 
ceramic seals, 'and the G2 type cells {31} and two cells from Group 9, have 
pressure transducers. Testing was funded in accordance with reference (a). 

C. Test limits specify those values at which a cell is to be 
terminated from charge or discharge. Requirements are referenced to 
as normally expected values based on past performance of aerospace 
nickel-cadmium cells with demonstrated life characteristics. A require- 
ment does not constitute a limit for discontinuance from test. 

II. SUMMARY OF RESULTS ' 

A. Each group of cells, on the average, indicated a slight increase 
in plate stack thickness following test, except Group 2 which indicated 
no change. 

B. No limits or requirements were exceeded by any of the Group 2 
cells which have Teflon treated negative plates. 
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C. All the cells from Groups 7 and 8 exceeded the 1.480 voltage 
requirement during the C/10 charges at the 20 and 25° C temperatures. 
They also exceeded the 1.560 voltage test limit during the 0° C over- 
charge test. 

D. Sixteen cells from Groups 1, 5 and 6 exceeded the 1.480 voltage 
requirement during the C/10 charges at 20° C and. one cell- from Group 3 
exceeded the - 65 psia pressure requirement during the second charge at 
this temperature. 

E. One cell's voltage, from Group 9, was 8 millivolts less than 
the average voltage of the group at the end of the 1-week open-circuit 
period during the charge retention test. 

F. Eighteen cells from Groups 1, 3, 4 and 5 exceeded the 1.520 
voltage requirement during the 0° C overcharge test and 3 cells, from 
Group 6, exceeded the pressure requirement of 65 psia. 

G. The cells from Groups 8 and 9 delivered less (521) than the 
requirement of 55% of the input during the 20° C charge efficiency test. 

H. During the pressure versus capacity tests, one cell each, from 
Groups 7 and 8, reached the 1.550 cut-off voltage before reaching the 
20 psia cut-off pressure. 

III. RECOMMENDATIONS 

A. It was recommended that these cells be placed on a near-earth 
orbit life test regime. 

B. In February 1979, eight 5-cell packs (Packs 3D through 3K, 
corresponding to Groups 1 through 8/ began life test on a 1.48-hour 
orbit (1.00-hour charge with- a voltage limit control at 20° C and 

a depth-of-discharge of 40%). The Group 9 cells (Pack 3L) began life 
test in August 1979 with the same test regime. 
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RESULTS OF 

INITIAL EVALUATION TESTS 
OF. 

GENERAL ELECTRIC COMPANY 
12.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS 

WITH 

DESIGN VARIABLES 

I. TEST CONDITIONS AND PROCEDURE 


A. All evaluation tests were performed at room ambient (RA) 
pressure and temperature (25° +2° C), with discharges at the 2-hour 
rate, and in accordance with reference (b), unless otherwise specified, 
and consisted of the following: 

1. Phenol phthalein leak tests (2). 

2. Three capacity tests, third at 20° C; with- interna-1 resistance 
measurements during second charge/discharge. 

3. Auxiliary electrode characterization test. 

4. Charge retention test, 20° C. 

5. Internal short test. 

6. Charge efficiency test, 20° C. 

7. Overcharge tests, 0° and 35° C. 

8. Pressure versus capacity test. 

9. Phenolphthalein leak test. 

i 

(See Appendix I for summary of test procedure.) 

II. CELL IDENTIFICATION AND DESCRIPTION 


A. The cells from Groups 1 through 8 were identified by the 
manufacturers' catalog number 42B012AB29-G1 and G2, in which the G2 
cells have pressure transducers, and those from Group 9 had catalog 
number 42B012EB01. The serial numbers and design variable notations 
were as follows: 


Group 


Design Variable 
Notation 


Serial Number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


LT/NY/0 

LT/NY/TFE 

LT/NY/AG 

LT-LT/NY/0 

PPLT/NY/0 

LT/POLY/O 

AK-68/NY/0 

AK/NY/0 

Post 31028 SP-2 


02470285-GR1-01 to 06-L01 
02470285-GR2-01 to 06-L01 
02470285-GR3-01 to 05-L01 
02480286-GR4-01 to 06-L02 
02490287-GR5-01 to 06-L03 
02470285-GR6-01 to 06-L01 
02500288-GR7-01 to 06-L04 
02500288- GR8-01 to 06-L04 
02970321 01 to 05-L01 
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The cells were placed in temporary pack configurations for initial 
testing in which each cell was individually restrained. The pack numbers 
were 548X through 554X. Pressure transducers were fitted on four cells 
of each group except Group 3, which was fitted with three. 

B. The 12.0 ampere-hour cell is rectangular with an average overall 
height of 4.559 irlfches, width of 2.987 inches and edge thickness of 
.892 inches. 

C. The cell containers and covers are, made of stainless steel with 
a nominal case wall thickness of .019 inches. The positive and' negative 
terminals are insulated from the cell cover by dual, nickel-braze, 
ceramic-to-metal seals and protrude through the cover as solder- type . 
terminals. 

D. Cell serial number 06 of each group contains a standard Aero- 
space auxiliary electrode and cell serial number 05 of each' group 
contains a Heart Pacer type auxiliary electrode. 

E. The description of the cell design variables are contained 1 in 
Table I. 

III. RESULTS - The following was condensed from Tables IT through IX. 

A. Each group of cells, on the average, indicated a slight increase in 
plate stack thickness following test, except Group 2 which indicated 

no change. 

B. No limits or requirements were exceeded by any of the Group 2 
cells. 

C. Limits/requirements exceeded during the change portion of the 
testing are as follows: 


2 



CO 


Limits/Requirements 


Test 

Exceeded 

#1 i 

Charge, C/10, 
24 hrs 0 25° C 

1.480 volts 


Charge, C/10, 
24 hrs 0 20° C 

1.480 volts 

6 

(1.483) 

Charge, C/10, 

24 hrs 0 20° C 
(Second charge at 
this temperature) 

1.480 volts 
65 psia 

6 

(1.482) 

Charge, C/20, 
60 hrs @ 0° C 

1 . 520 vol t-s 

6 

(1 .534)(1 


1.560 volts 
for 2 hours 

- 


65 psia 



#3 


Group* 
#4 #5 


#6 


#7 


#8 


6 6 
(1 .486) (1 .487) 

6 4 6 6 

(1 .482) (1 .481 )(1 .515)0 .512) 

6 6 6 6 

(1 .484) (1 .482) (1 .507) (1 .511) 


*Number under column indicates number of cells in that group which exceeded the 
designated test limit and the value in parenthesis indicates the average peak 
voltage for those cells during test. 
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D. One cell’s voltage, from Group 9, was 8 millivolts less than 
the average voltage of the group at the end of the 1-week open-circuit 
period during the charge retention test. 

E. The cells from Groups 8 and 9 delivered less (52%) than the 
requirement of 55% of the input capacity duHhg the 20° G tharge .efficiency 
test. 

F. During the pressure versus capacity tests, one cell each, from 
Groups 7 and 8, reached the 1.550 cut-off voltage before reaching the 
20 psia cut-off pressure. 

G. The auxiliary electrode. characteristic test was performed on 
the cells from Groups 1, 4, 7 and 8. Maximum signal power was obtained 
with resistances of 5 to 10-ohms on cell 5 (Heart Pacer type) of each 
group and with resistances of 50 to 1000-ohms on cell 6 (standard 
Aerospace type). A 10-ohm and 300-ohm. resistance was used throughout 
the test on cells 5 and 6 respectively, as instructed by Goddard Space 
Flight Center's Technical Officer. 
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TABLE I 


m 


CELL DESIGN VARIABLES 


VARIABLE 

GROUP# 

TYPICAL 

POSITIVE 

THICKNESS 

CM 

TYPICAL 

NEGATIVE 

THICKNESS 

POSITIVE 

LOADING 

qm/dm 3 OF SINTER 

NEGATIVE 

LOADING 

qm/dm3 OF SINTER 

FINAL KOH 

QUANTITY 

CC 

N/V 3rd 

PRECHARGE 1 2 
ADJUST Ah 

Control 1 

1 

.069 

.079 

2095 

2180 

40/40 

4.6 

Teflon Treatment 

2 

.069 

.079 

2095 

2180 

’ 48/49 

4.6 

Silver Treatment 

3 

.069 

.079 

2095 

2180 

43/44 

4.6 

Light Loading 

’ 4 

.069 

.079 

1840 

, 1833 

45/46 . 

4.6 

No PQ Treatment 

5 

.069 

.079 

2113 

2180 ’ 

40.3/41.5 

4.6 

Polypropylene Separator 

6 

.069 

.079 

2095 

2180 

39/40 

4.6 

A.K. Plate-1968 Design, 
No Cad. Old Ect Process, 
No Decarb Process 

7 

.081 

(Unsized) 

.066 

2130 

2542 

38/39 

0 

A.K. Plate-1968 Design, 

No Cad. Present Aerospace 
Cell Process 

8 

.081 

(Unsized) 

.066 

2130 

2542 

39/40 

1.8- 

Electrochemical Impreg- 
nated Positives 

9 

.074 . 

.079 

1276 3 

2280 

48 

5.8 


(1) Control Cell Represents Present Aerospace Design and Processes with no Extra Treatments: Non-Woven- Nylon Separator, PQ Treated Positives, 

Decarbonation Process, IUE Loading Levels, 31 percent KOH. 

(2) Based on 228cc 0 2 /Ah. 

(3) By hydrate pick-up, 'not hydrate reduction. 
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TABLE II 

Initial Evaluation Test Averages 
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Group 1 



Group 2 



Group 3 


Change 


Volts 

psia 

ah Out 

Volts 

psia 

ah Out 

Volts 

psia 

ah Out 

C/20 for 48 hrs 

0 25° C 

1.453 

16 

16.1 

1.437 

19 

15.5 

1.441 

18 

16.0 

C/10 for 24 .hrs 

@ 25° C 

1.460 

37 

15.3 

1.453 

35 

14.8 

1.455 

41 

15.0 

C/10 for 24 hrs 

6 20° C 

1.469 

48 

14.8 

1.461 

42 

14.2 

1.466 

56 

14.4 

C/10 for 24 hrs 

0 20° C* 

1.470 

56 

13.5 

1.463 

39 

13.0 

1.470 

55 

13.5 

C/40 for 20 hrs 

<a 20° C** 

1.372 

4 

3.7 

1.373 

7 

4.6 

1.373 

6 

4.2 

C/20 for 60 hrs 

0 o° c 

1.496 

45 

14.5 

1.483 

36 

13.9 

1.493 

44 

14.6 

C/10 for 24 hrs 

0 35° c 

1.418 

37 

15.9 

1.417 

17 

16.1 

1.417 

31 

15.9' 

Open-Circuit 











End-of-1 week* 


1 .326 

4 


1.332 

8 


1.329 

6 


24 hrs after 16- 

-hr short period 

1.250 

4 


1.257 

7 


1.250' 

6 





Group 4 



Group 5 



Group 6 



Volts 

psia 

ah Out 

Volts 

Psia 

ah Out 

Volts 

psia 

ah Out 

C/20 for 48 hrs 0 25° C 

1.441 

20 

14.3 

1.447 

13 

16.3 

1.443 

16 

16.1 

C/10 for 24 hrs @ 25° C 

1.457 

29 

13.7 

1.455 

26 

16.0 

1.458 

39 

15.5 

C/10 for 24 hrs 0 20° C 

1.466 

34 

13.6 

1.466 

52 

15.0 

1 .471' 

66 

15.1 

C/10 for 24 hrs 0 20° C* 

1.467 

42 

12.5 

1.468 

58 

13.7 

1.475 

77 

13.8 

C/40 for 20 hrs 0 20° C** 

1.376 

10 

3.9 

1.375 

4 

4.1 

1.374 

6 

4.3 

C/20 for 60 hrs @ 0° C 

1.491 

37 

13.1. 

1.506, 

37 

14.8 

1.497 

69 

14.8 

C/10 for 24 hrs @ 35° C 

1.423 

35 

14.1 

1.402 

34 

14.1 

1.415 

24 

16.0 

Open Circuit 










End-of-1 week* 

1.319 

10 


1.315 

5 


1.330 

6 


24 hrs after 16-hr short period 

1.238 

10 


1.259 

4 


1.247 

6 





Group 7 



Group 8 



Group 9 



Volts 

psia 

ah Out 

Volts 

psia 

ah Out 

Volts 

psia 

ah- Out 

C/20 for 48 hrs @ 25° C 

1.452 

14 

18.6 

1.452 

14 

15.7 

1.446 

32 

10.7 

C/10 for 24 hrs 0 25° C 

1.463 

30 

18.0 

1.463 

29 

18.1 

1.435 

32 

10.1 

C/10 for 24 hrs 0 20° C 

1.477 

26 

17.7 

1.480 

34 

17.8 

1.444 

40 

10.1 

C/10 for 24 hrs 0 20° C* 

1.477 

37 

15.2 

1.480 

40 

15.4 

1.443 

36 

9.0 

C/40 for 20 hrs 0 20° C** 

1.370 

6 

3.6 

1.369 

9 

3.1 

1.377 

12 

3.1 

C/20 for 60 hrs 0 0° C 

1.578 

68 

16.8 

1.581. 

66 

16.1 

. 1.494 

46 

10.2 

C/10 for 24 hrs 0 35° 'C 

1 .396 

52 

14.5 

1.397 

40 

14.7 

T.395 

26 

9.4 

Open-Circuit 










End-of-1 week* 

1.308 

7 


1.308 

11 


1.294' 

13 


24 hrs after 16-hr short period 

1.263 

6 


1.259 

9 


1.236 

12 



*Charge Retention Test 

**Charge Efficiency Test, 6.0 ah input 
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TABLE III 

MEASUREMENT AND LEAK TEST DATA 


SERIAL 

NUMBER 

WEIGHT 

(Grams) 


LENGTH (Inches) 


PHENOLPHTHALEIN LEAK TESTS 

WIDTH 

Inches) 

INITIAL 

‘ POST HI VAC 

POST TEST 


HEIGHT 

(Inches) 

EDGE 

MINIMUM 

"CENTER 

MAXIMUM 

(Pre-Test 

CENTER L 
MAXIMUM | 
(Rost-Test) 

Terminals 

Other 

Terminal s 

Other 

Terminals 

Other 

t 

4* 

- 

+ 

- 

■f 

- 

ool 

-747.4 * 

-Y 5'5' < 7 

,873 

.878 


2,773 










OOT- 

520,3 

<Y/5"S"3 

, 873 

,273 

,278 

2.77*2. 










003 

‘ 

-Y.^sV 

.878 ■ 

.8% 

.£7? 

2,77/ 










OoY 

7 * 70 , 7 --*- 

Y-5“Y3 

,g73 

- 82.Y . 

.277 

2.78? 










OoS 

7?Y.3 * 

Y-sVY 

,270 

,872 

.272 

2.78? 










00 4 

??Y.Y * 

y.s-yy 

,??o 

,873 

■m 

2.784 









j 

ool 

7H.7.3 * 

Y.5Y7 

.872 

'. 827. 

1 

2,77 1 








1 


002 . 

S'o‘i-1 


,87/ 

,27o 

. S^Y 

2,77/ ’ 







Ml 

H 


Oo3 

sol, i 

Y.r43 


.223 

.87 r 

2,782 







| 

M 



74.0Y * 

Y-5Y7 

,825“ 

,?00 

.873 

2.784 










OoS~ 

H1M1 

Y.i'32 


.27 ( 

.870 

2,722 










OC.<o 

762., 0 '* 

Y.^Y? 

— 

,37/ 

,275' 

2,77/ 

aM 

OlrAiCS 


AJO 

LSfilLs 


■i 



ool 

■snaa 

Y-^s? 

HEBIM 

.7/7 

.7// 

2,783 



|i| 



_ 

| 



00 2 

anfms 

Y,sV7 




2,787' 


■ I 

■ I 




I 




37?. 4 

Y.5V7 

,8% 

,7o4 

,732- 

2.7 8 V 


Mi 





■ ■ 



ooY 

S?-(.(o 

| 

.27/ 

.7/?, 

.727 

H3399 

Ml 








1 

OOS 

77g,0 * 


.?72 

, 7/4 

.723 

2.72? , 

Mi 










7-77,8' * 

Y, 535* 

.877 



2.775“ 


am 

| 






* 

ccf 

Bilil 


,87^ 

,7/0 

.7 !(o 

2.7S3 


HI 




HU c f5c7sS' 



, 


HflfflS 


,273 

,7/4 

KH 

2,78? 







Mi 



on'-; 

5 7*7,3 


— 

.7/3 

.7/7 

2.7 8/ 






j£ 

r« 





SHH 

■EMI 

. ,.?30 


2.78 Y 






c 

te 

t> 



1 

■ 

Y. 5 2 1 

.276 

. 7o7 

,238 

•2.70? 






HK 

H 



004 


Y,S5? 

- 87/ 

■es» 

KTK 

IBB 



|| 

| 

- 

im 

kh ' 
GO 







HHH 


■Mi 



IlHi 

■ 



* 



7c- 


hmmi 

[ aOEZSEI 

ISSiH 






1 

| 

i 

■ 



L__ 



























































































































MEASUREMENT 


SERIAL 

NUMBER 


oo / 


00 * 2 - 


Oo 3 


§ I OO 
vfl 


005 


oo( » 


LENGTH (Inches) 


MINIMUM 


532 . 8 ' 

< 5 * 4.0 

53<5 

< 57 / 

* 793.4 * 

<559 

729.4 * 

<540 

791.4 * 

< 54 / 

790 , 5 ** 

< 56 < 


.81 




.298 .89#' 


. ?02- . ?02- 


.292 .89? 


. 89% 


OO! 

52</ 

<547 

,8 91 

002- 

790,7 

<56< ' 

.893 

003 

7754 * 

<593 

.8 91 

oo< 

5*<6 

<543 

.881 

ooS" 

7 2 3.7 * 

< 547 

.294 


,9o( 


.904 


.29S 


,ra 


ool 

744.4 

4.521 

.895 

.907- 

002- 

5/ 4,3 

4. 574 

.292- 

.907- 

00*3 

77Z.3* 

<57/ 

.29 7 

,4o4 

oo< 

5/6. V 

<574 

,989 

,902- 

005* 

770.2 * 

<54/ 

.229 

. m 

004 , 

74 -?,< + 

<560 

,99/ 

,397 


oo ( 


002^ 


oo< 


oo5 


oo 4> 




520,0 

<563 

,894 

,897 

77/. 0 + 

V # 6>06 j 

.894 

. 902 - 

770,0 ^ 

<56 7 

KHSfil 

.?£>0 

5/7.4 

BSEM 

.89^ 

,9 o 3 

77 <7 

< 565 

,894 

,898 

775.4 

<54< | 

,890 

,845 


— f-Us t'otsSt'/LC T/stf-Jsdvcsrt 


03 


,9o,z_ 


,9o3 


.m 














































































































































TABLE .III 

MEASUREMENT AND LEAK TEST DATA 


SERIAL 

NUMBER 

WEIGHT 

(Grams) 

utriPUT 

LENGTH (Inches) 1 

WIDTH 

'Inches) 

PH END 

-PHTHALEIN LEAK TESTS j 

INITIAL 

POST HI VAC ! 

POST TES1 

r 

ntlbril 

(Inches) 

MINIMUM 

MAXIMUM 

(Pre-Test 

MAXIMUM 

(Post-Test 

Terminals 

Other 

Terminals 

Other 

Terminals— 1 

Other 

+ 

- 

» 

T 

- 

+ 

- 

oo / 

23o, g * 

*f.s^ 7 

.‘ill 

— 

,<}ZS 

,9z% 

2.99(3 









* 

1 

'00 7- 

2&2.S * 



.9zz 

• faV 

3. OOT- 









i 

1 

OoZ 

5-53. <7 

4, IfS»7 

.<703 

.9 TO 

.M 

Z.^8 

yOo 



A IO 

LpaicS 


aJ* 

£-(5fik S 

j 

■ 0<W 

5.58.7 


<9(1 

.9*8 

.93 1 

7. 99 S' 







— 


! 

ooST 

55 S'. 7 

^,5-7.3 

,9o^ 

,9 70 

■ 9? 1' 

-i.99<) 









1 






— 
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X* - 

l-Uz Tta-s 
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• 



■ - 
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TABLE IV 
Capacity Data 


i 

-Cppacitj 

EM 

Lles-tJ 

... Capacity Tost 2 

Capacity Test 3 (20°C) ! 

SERIAL 

NUMBER 

D-Or-CHARGE 

EMD-0 F-DISCH ARGE 

' END- OF- CHARGE • 

END-QF-DISCHARGE 

EHD-OF- CHARGE 

EN0-0F-DISU1ARGE 1 

CELL 

(Volts) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX 
ELECT 
( Vol ts) 

PRESS 

(PSIA) 

CELL 
( Vol ts ) 

AUX 
ELECT 
( Vol ts ) 

PRESS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX 
ELECT 
( Vol ts ) 

PRESS 

(PSIA) 

CELL 
( Vol ts ) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX 

' ELECT 
(Volts) 
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Co 
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■■ TABLE VII 

Char ge Efficien cy and Overcharge Data 



-Charge.!: 

Efl 


Overc'hat 

"ge Test 
)- OF- CHAR 

m 

Overcharge Test ( 350 c 

1 

SERIAL 

NUMBER 

J-OF-CHARGE ] 

END-OF-DISCHAP.GE ! 

Eiii 

IE 

ENU-OF-DISCUARGE ] 

“Tnu-of-cuarge i 

EliD-OF-JISCliA 

'Gt 

CELL. 

(Volts) 

AUX 

ELECT 

(Volts) 

PRCSS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX . 
ELECT 
(Volts) 

PRESS 

(PSIA) 

CELL . 
( Vol ts ) 
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ELECT 
( Vol ts ) 

PRESS 

(PSIA) 

CAPAC- 
I TV 
(ah) 

AUX' 
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(ah) 
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PRESS 
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8 

-z.9 


8 
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iA 
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-n 
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3.1 
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TABLE VIII 

PRESSURE VS. CAPACITY TEST DATA 


--Serial No. 

oo! 

oo4 

0OS" 

004 

OO i 

oo 1 / 

ooS 

oo 4 

oo| 

OO Z 

OoS" 

OOto 

ooz. 

ooV 

ootT 

oo4 

Start-of-Charge, Press. 

1 

7U- 

* 

IO 

/o 

IZ. 

13 

S’ 

/? 

20 

9 

/S 

7 

Y__ . 

15 

/? 

AH in to 5 PSIA 

i$M 

/S.3 

17.5 

■°/a 

-A 

Yj 

*>/a 

Yi 

w /a 

Ya 

Yt 

Ya 

■Va 

Ya 

*>/a. 

Y* 

Cell (volts) 

(■5z o 

ISOS 

/M7C, 














Aux (volts) 



,Z 9? 



~ 











AH in to 10 PSIA 

t*SA 

/?. 7 ' 

>8.4 

Y* 

Y* 

Y 

M/a 

15,5 

Yv 


tors 

"/a 

zc,;T 

Yt- 


Y 

Cell (voltsl 

/.SYO 

l,Sl% 

t.SZQ 





/M^ 



hSzl 


/,n4 


- 


Aux (volts)' 



,s4z 




: 

.30? 



.047 






AH in to 15 PSIA 

n.i 

tf.b 

I8.C,' 

19.0 

/(o.O 

(CM 

IS.(c 

«o.2 

-'4? 

~ 

Y 

Yv 

2/,o 

■20.3 



Cell (volts) 

1.545 

/,53t> 

/.S', 30 

1.5’3'f 

1.448 

1.5/4 

(Ml*) 

t.sn 





/.sY4 

1,5/3 



Aux (volts) 



.431 

,503 



.3CM 

.37? 









AH in to 20 PSIA 

14.5 

/?3 

/?./ 

n,z 

1C,. 7 

IUM 

/4.3 

ic.,4 

/S.t, 


Yi 

20.Z- 

Y/4 

2f.Z 

2/.Z 

1*7,0 

Cell (volts) 

1,54% 

1.543 

1,545- 

(,54z 

iSz’S 

(.’52 o 

I.Szo 

t.szz. 

. IMCM 



!M4Z 


1,544 

A 5"3? 

!M13 

Aux (volts) 



MSI 

.57Z 



.55Z 

.40 1 




.248 



,3o7 

■ o9o 

AH In to V/L (1 .55V) 

W A 

"/A 

*>/a 

"/a' 

Y> 

Yd 

Ma 

Ya 

"/A 


zo.? 

Ma 

z?.x- 

Ya 

Y/i 

~/A 












.ICS 

« 

- 



S 

Press (PSIA) 











H 


/? 




30 Min OCV, Cell 

/Ml 5 

/Ml 1 } 

/Mrs 


(M/5 

(Mi 5 

IMIS 

(MIC, 

(.223 


l, 324 

t,z%z 

BBSS 

i,384 

1,235 

!,2Z4 

Aux (volts) 



.Sot, 

.537 



MU, 

MSd 



.077 

.144 



fl 
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zl 

z4 

zu 

zl 

nA 

/J A- 

4>fi 

A J/4‘ 

MA 


Xo 


zz 

23 

7Z 

zo 


/\) A 

mm 

■iM d 

l,4U 

mam 

/Moz 

/Moo 

IMoZ 

1,3 7? 


1,-520 

A373 

/.37? 

1, 37? 

/. 37? 

1,5 78 

BBIBPni— 




'.Stic 



Me 8 

,3X| 


* 

.oSS 

,241 



■m 

Bd 



n 
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x| 

Z3 

xt 


14 

XO 

i'T- 

7-3 

2V 

2t> 
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/sW 

>5,2 

13.4 ‘ 

./3,4 

13.4 

IBM 

(5.3 


n.7. 

(6..S 

n.(= 

n.c. 

n.c, 

15.2 

SSSS3SS 

, 


.in 

K99 



n 

R5H 



.003 

.02 7 



\msm 

.03 1 


3 

3 

<<> 

1 3 

IT- 

13 



SO 


■ 13 

/S’ 

14 

21 

7.0 

oo 

a J&~ — A**-/ 


p ^ 

t~ 


Q 






9NB-MDC (SP 11/73} 


WQEC/C 79-114 































































































TABLE VIII 

PRESSURE VS. CAPACITY TEST DATA 


-Serial No, 

Co "6 

co¥ 

ooS - 

oo(s 

CO z. 

oo3 . 

oo5" 

00 f 

00 3 

OO.T 

00 

CC, 2 - 

OOZ 

60 S' 

oofe. 


Start-of-Charqe, Press 

4 

s 

_i 

S 

/ 

¥ 

4 

o 

S' 


¥ 

. 5" 

¥ 

Z- 

3 ' 


AH in to 5 PSIA 

/s.c 

*V/4 

J2.H 

*/a 

i S.i 

K*. 7 

17.4 

14. L 

"/a 

'-‘/a 

n.4 

Wa 

157 

/8.Z. 

i?.7 


Cell (volts) 

I.4H 

. 

1.4 99 


(■‘sen 

1,45 1 

1.4 11 

\-SZz 



1-44,5 


1.444 

1.417- 

!.4lz 


Aux (volts) 



.237 




.K,3 




.123 



.13 7 

. 37(2 


AH In to 10 PSIA 

19.1 

17.7 

17. ( 

/s.i 

/ 8 -L 

12.4 

/%.4 

17.1 

(9.8 

19.8 

19.1 

/s.4 

18.7- 

/g.fe. 

tS.Cs 


Cell (volts! 

I.47U 

1.484 

l.si4 

1,475 

1.517 

I.5i4 

l,szo 

1.5 3 & 

l.Sot 

f.St 8 

1.5(7 

/.5IC> 

I.47S 

/.S/S 

/,5i4 


Aux (volts) 



.37.5 

,zi1 



.3 7.1 



,412 

.4oz- 



.197 

.452 


AH in to 15 PSIA 

(9.9 

/?.g 

n.s 

12. 8 

/?.? 

/?,.% 

12.2 

ZO .1 

>9 3 

14.3 

H.Cs 

>?-9 

/2.1 

!2.7 

18.7 


Cell (volts) 

I.S/C, 

I.SIZ- 

I.Si^ 

1.513 

I.53C, 

I.S33 

1,5 34 

4,54 $ 

1.5 36 

1. 5 Z7 

1,540 

l.5z(, 

1.5Z7- 

1.527. 

!,5ZO 


Aux (volts) 



.37? 

.354 






.572 

.45 2 



,ZZ3 

.4SC, 


AH in to 20 PSIA 

17.3 

17 . 3 

n.7 

/7-S 

17.1' 

17.1 

n.f 

7X1.3 

19.7 

I1.G, 

17.9 

17.1 

11.1 

11. 1 

H.7- 


Cell (volts) 

1.5 IS 

1.51% 

1.5(4 

IS <7 

l,54c> 

1.532 

1.54 O 

1.54 8 

1.540 

1.545 

1. 545 

1,530 

l.5Z~) 

},S2(a 

4^*2 3 


Aux (volts) 



.^( 

.38? 



.541 



■ CsOl 

.504 



.753 

.r 2 t. 



*/a 

^/fi 

■% 


“/a 

m /a 

"/a 

'°4l 

Wa 

+>/a 


"/a 

Wa 


^4* 


Aux (volts) 












, , 




■ • 

Press (PSIA) 
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i.4 n 


1.417. 

1.415 

/. 4l5 

1.413 

1.40(0 

l.4o(a 

IMo 7 

l.4o(o 

1.4/2 

1.4 n 


1.417 





EI7M 

■ Zl2 



■GI 9 



,3 <70 

.43 S 



15* 

.4(53 

— 

Press (PSIA) 

23 

22 . 

/? 
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■ 2 <c> 

2 fc 

' 2 -C& 

z 4 

Z7 


33 

ZCo 

17 


~L{ 


K M ICT': fl \ 

\Mo-z. 

(Mot 

(.4b( 

l.4o 3 

IMo-7 

Wot 

!.4oS 

1,31 7 

1,314 

1.311 

1.37 C, 

(,4<>Z 

l.4oCs 

/.Vo 3 



1 



,347. 

rai 






worn 

,4o& 



2^7 




•2-1 

zo 

13 

Us, 

Z5 

■24. 

2 ¥ 

-2.1 

1-4 

22 - 

7-1 

1 5 

zs 

7-1 

m 



/S.C, 

ts.u 

/s.c. 

ISC, 


15.1 

sn 

Us. I 

15:1 ‘ 

/S.I 

/5.1 

/Si? 

is, 8 

/si 




















- Press (PSIA) 

S 

g 

■z. 

1 

4 

g 

i 

O 

7 

.? 

S 

y 

7 
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TABLE VIII 

PRESSURE VS. CAPACITY TEST DATA 


■ Serial N,\, 

oo 1 / 

OO S' 




i 

... t 


i 

1 

1 



r~ 1 

— 

— 

Start-of-Charse, 'Press. 

9 

9 
















AH In to S PSIA 

A|/A 
















Cell (volts) 

















Aux (volts) 

















AH In to 10 PSIA 

{Z.o 

/ 2,2 















Cell (volts 1 

/■V&o 

!.HZ7 















Aux (volts) 

/JA 

/OA 















AH in to 15 PSIA 

/3.0 

no. 





- 










Cell (volts) 

IMS'}- 

MiS 















Aux (volts) 

















AH in to 20 PSIA 

13S 

73.7 















Cell (volts) 

AW 

A VS 7 















Aux (volts) • 

















AH in to V/L (1.55V) 

aJA 
















- Aux (volts) ... 













> 



* 

Press (PSIA) 

















30 Min OCV, Cell 

7,379 

/<38o 















Aux (volts) 

















Press (PSIA) 

23 

it. 















I hour OCV. Cell 

A37 O 

{370 















— Aux (volts). _ 
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Press (PSIA) 

21 

2/ 
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3. TABLE IX 

9I~-STADC (SF 11/73) SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES 


SERIAl. ,vj. j 005 " 

00 <0 

Pc we* — ooS~ 

Poui-ert.— OOt. 


AVERAGE • 

OHMS J VOLTS 

1 

PRESS 

VOLTS 

PRESS 

mm 

1 — 

PRESS 

VOLTS 

PRESS 

VOLTS 

PRESS 

VOLTS 

MILLIWATTS 

10,000 

/? 

.Ml 

t<c 

,o<ac> 


.077 






5,000 ;, 9 / 6 ' 

..13 

, dM 

/ (a 

,ia 



IM 





2 ,000 ; ^ g fy 

-L? 

,7 C/i- 

Ho 

,^o{ 

■ 

,170 






1 ,000 \.$?o 

-IS 

no 

n 

.7*7 

.sl 






™ ! .gf '0 

.13 

,s&g 

t % 

MU 







230 . y &r 

\,J2 

I'M* 

n 

2,o%( 

,*>ol 



— 


"■ T 

J 

130 : , 

/? 

,3 t( 

n 

5"<2>5ls 

fin 






j 50 

-LL. 

,z(( 

n. 

77V 0 

,$fe> 






i 20 1 , S' ?/ 

_i U 

,UTu- 

a. 

/fe.-m. 

1S5I 



• 

■ — — — — — 


1 — 

— 1 
O 

* 

NJ 

'0 

n 

*o?i 

n 

2-7 .1W 

mm 






! ! 
i 3 i JxJ 

i 7 

. 03 $ 

do 

27.o3z 






. 

1 2 ..23$ 

i6 

.on 

f 4> 


• iH¥ 






> 

. { &> 8 


, 00 # 

n 

Z5, Tt 


,o(*¥ 






j 0,5 

./// 

. ML . 

,<503 

((0 

24, 


ioOtL 






[ 0.2 

.079 

/</ 

, 6o{ 




.obi 






0.1 


IV 

,00 1 

-12— 

43,:?U> 


; 6 \ O 

jl 



- 

I 
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Note: All pressures in PSIA. 
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5t~-KAI5C (S? 11/73) SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES 


» ^ ti R I /tI. i i * j * 

«- - 



Po OO-ert-- OO 5” 

R>u)«a-- oofc 


AVERAGE • ' | 

j 

! OHMS 
1 

VOLTS 

— 

PRESS 

VOLTS 

PRESS 


PRESS 

VOLTS 

PRESS 

VOLTS 

PRESS 

VOLTS 

MILLIWATTS 

10,000 j,907 

~K> 

.73-7 


.BfrV 


,055 






1 L £ — 

5 ,000 ; . §<5 1 

TO 

iC7o 


.wm 


.08*7 






2 S 300 1 

To 



,7.31 


,lft 






i,qoo 

7-Cs 



,7/7 

, f7C= 



* 



500 . 1 i9(l f 

70 



(ft? S' 

.157 






200 i95 -5- 

1^0 



27, "7) 

.oSLs 

Tf 





1 }0 ' ,703 

to 

1 0'7 7 



. o5sr 






50 ; .iws 

H 



7.3fg 

.oY? 






20 : .svtf 

ft 

,02*7 


— r-"" 1 " — - 

Hnsn 

.oSt 






: i 

L 0 • ft ft 

ft 

,or7 


1O.U*0 

.0 27 

- 





I - * 

1 5 ; ftft 

< 7 

(Off 


7Yr«Bt 

,ol</ 






I > 

1 : • jof 

'<7 

, to 1 ? 


-7{.P<3 


. 0 Y 0 






L_j 

r 

. tMl- 


,oo5T 




,ct5' 






| 0.5 

s o’? "2- 


, COT. 
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1 


| 0.2 

,0 ft 


t oof 


7, oof 
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i 0.1 
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/7 

<oof 
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Note: All pressures in PSIA. 
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7 TABLE IX 

3t7D-KADC (S? 11/73) SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES 
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# table ix 

313-KiiDC {S= 11/73) SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES 


• SERIAl. ,tO. | COS' 

IBM 

TcjoO^K. — OOS 

'Poui*/t, - OQ(a 


AVERAGE i 

■BB 

PRESS 

VOLTS 

PRESS 


PRESS 

VOLTS 

PRESS 

VOLTS 

PRESS 

, VOLTS 

MILLIWATTS 

mm HBmiil 

'Ll- 

, 82 / 


I 


.o<*7 






^ i— 

5,000 i ,<$% 

22 

,75? 

2</ 

,J53 

_ . ... 

<({$ 





* 

2,000 \ 

1 

,6sY 

n 









1— HH 

•Z 2- 


E9I 

BB 

XI i 
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n 

RBI 







200 , 707 


XU 

2<f 
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______ 

■m 
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,V*V 






53 : .rs? 

Ifl 
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i 20 ; 

2Z 

mm 

^ 

■r > ■■ ■_ 

,!Z0 






L w ! . zss 


,ozf 

n' 

K,fci3 
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- 
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2-T. 

,0<Z- 

w 


RSI 






! 2 ■ >((o3 

2-f 

,00(0 

B 

/3.?8ri 

, 0'% 






l 

,163 

V 

.Ot«T 

W 

— 
10 < (oO*! 


B 


I 




* 3 = 

| J » xJ 

t 0 io fc 

— 

,003 




,otS 






gg 
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,000 






I ' 0.1 

H3 


, 0 0£ 

"jt/ 
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Note: All pressures in PSIA. 
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APPENDIX I 


I. TEST PROCEDURE 

A. Phenolphthalein Leak Tests: 

1. This test is a determination of the condition of the welds 
and ceramic seals on receipt of the cells and following the last dis- 
charge of the cells (Cycle #8). 

2. The cells were initially checked with a one-half of one 
percent phenolphthalein solution applied with a cotton swab and then 
placed in a vacuum chamber and exposed to a vacuum of 40 microns of 
mercury or less for 24 hours. Upon removal they were rechecked for 
leaks and then received a final check following test completion. The 
requirement is no red or pink discoloration which indicates a leak. 

B. Capacity Tests: 

1. The capacity test is a determination of the cells' capacity 
at the C/2 discharge rate to 0.75 volt per cell, where C is the manufact- 
urer's rated capacity. This type discharge follows all charges of this 
evaluation test. 

2. The charges for the capacity tests are as follows: 

a. C/20, 48 hours, room ambient (RA), Cycle 0, with a test 
limit of 1.52 volts or pressure of 100 psia. 

b. C/10, 24 hours, RA, Cycle 1, with a test limit of 1.52 
volts or 100 psia pressure and a requirement of maximum voltage (1.48) 
or pressure (75 psia) . 

c. C/10, 24 hours, 20° C, Cycle 2, with the same limits and 
requirements as the charge of Cycle 1. 

C. Internal Resistance: 

1. Measurements are, taken across the cell terminals 1/2 hour 
before the end-of-charge (E0C) on Cycle 1, and 1 and 2 hours after the 
start-of-di scharge of Cycle 2. These measurements were made with a 
Hewlett-Packard milliohmeter (Model 4328A) . 

D. Special Charge Retention Test, 20°C: 

1, This test is to establish the capacity retention of each 
cell following a 7-day open-circuit-stand in a charge mode. 
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2. The cells are charged at C/-1G for 24 hours with a test limit 
of 1.52 volts or 100 psia pressure. They then stand on open-circuit for 
7 days, with the requirement that the open-circuit voltage of each cell, 
following this period, is within +5 millivolts of the average cell voltage. 
The cells are then discharged and 80 percent capacity out of that obtained 
in Cycle 3 is required. 

E. Internal Short Test: 

1. This' test is- & means of detecting slight shorting conditions 
which may exist because of imperfections in the insulating materials,, or 
damage to element in handling or assembly-. 

2. Following completion of the third capacity discharge, the 
cells are shunted with a 0.5-ohm, 3-watt resistor for 16 hours. At 
the end of 16 hourd the resistors are removed and the cells stand on 
open-circuit-voltage (OCV) for 24 hours., A. minimum vdltage of 1..15. is 
required at the end of the 24 hours; 

F, Charge Efficiency Test, 20° C: 

1. This test is a measurement of the cells 1 charge efficiency 
when charged at a low current rate. - ' 


2. The cells are charged at C/40 for 20 hours with a test limit 
of T .52 volts or 100- psia pressure. They are then discharged and the 
requirement is that the minimum capacity out equals 55 percent of capacity 
in during the preceding charge. 

G. Overcharge Test #1, 0°' C: 


1. The purpose of -this test, is. to determine the degree to which 
the cells will maintain a balanced voltage, and to determine the cells 1 
capability to be overcharged without overcharging the negative electrode. 

2. The cells are charged at C/20 for 60 hours. The test limits 
are cell voltages of 1.56 or greater for a continuous time period of 

2 hours or pressures of 100 psia. The requirement is a voltage of 1.520 
or a pressure of 75 psia. The cells are then discharged and 85 percent 
capacity out of that obtained- in Cycle 3 is required. 

H. Overcharge Test #2, 35° C: 


1. This test is a measurement of the cells' capacity at a higher 
temperature when compared to its capacity at 20° C. This -test also 
determines the cells' capability of -reaching a point of pressure equilibrium 
oxygen recombination at the negative plate at- the same rate it is being 
generated at the positive plate. 


2, The cells are charged C/10 for 24 Hours with a test limit of 
1.52 volts or 100 psia pressure and a requirement of 1.45 volts or 75 
psia pressure.. The cells are then discharged and 55 percent capacity out 
of that obtained in Cycle 3 is required. 
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I. Pressure versus Capacity Test: 

1. The purpose of this test is to determine the capacity to 
a pressure and the pressure decay during^ charge and open circuit 
stand respectively. 

2. Each cell is charged at C/2 to either a pressure of 20 
psia or a voltage of 1.550. Recordings are taken on each cell when 
it reaches 5, 10, 15 and 20 psia pressure. The cells then stand OCV 
for 1 hour with 30-minute recordings and then are discharged, shorted 
out and leak tested. 
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